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RECENT ADVANCES IN EXTINGUISHMENT OF BURNING 
COAL REFUSE BANKS FOR AIR POLLUTION REDUCTION 

Dr. David R. Maneval 
Pennsylvania Department of Mines and Mineral Indus t r ies  

Harrisburg, Pennsylvania 

INTRODUCTION 

TEE BURNING REFUSE BANK P R O W  

A coal  refuse bank is  an accumulation of re jected mater ia l  resu l t ing  from 
the  mining and preparation of coal. 
bonded coal, carbonaceous shale,  pyr i tes  and other  debr i s  from the  mining operations; 
including possibly, paper, grease containers, rags ,  timbers and miscellaneous 
discarded mining supplies and equipment. 
a l so  be a site where indiscriminate t r a sh  and/or garbage from nearby dwell ings 
accumulates which adds to the  poss ib i l i t y  of combustion. 

These banks usual ly  contain rock, coal, 

In some cases, the  refuse bank may 

One of  the  problems important t o  the  heal th  and safe ty  of the  people of 

It is estimated 
the  coal producing areas ,  as well a s  to overa l l  economic deve lopen t  in the 
coal regions, is t h a t  of burning coal  refuse banks or pi les .  
there  a r e  a t  l e a s t  200 of these burning banks i n  Pennsylvania a t  the present time. 
Many of these burning p i l e s  a r e  located i n  a reas  remote from urban developent ,  
however, many are causing air pol lut ion i n  built-up areas.  

For over 300 years, fires i n  accumulations of coal  refuse and stored coa l  
have been and S t i l l  are occurring a s  a r e s u l t  of spontaneous combustion or other  
means of igni t ion.  
pol lut ion and amoke control ,  a t t en t ion  is  focused on the  burning of discarded 
coal  refuse, produced during the  preparation of coal or from se lec t ive  mining 
techniques. 
evll of coal  min ing  regardless  of the  devaluation of adjacent property, and t he  
particulate matter and noxious sulfurous gases which they re lease  i n t o  the  
atmosphere when burning. 

Currently, due t o  s t a t e  and nat ional  regulat ions on a i r  

For many years  these unsightly refuse a reas  were deemed a necessary 

The f a t e  of many of the ear ly  refuse bank6 with respect  t o  spontaneous, 
accidental ,  or del lbera te  combustion is  not known. 
did burn, par t icu lar ly  i n  view of the  inclusion of small coal w i t h  the spoi l  
discharged t o  the  p i l e s .  
t o  spontaneous combustion. It  may be assumed f r o m  the many examples of burned 
out co l l i e ry  spo i l  banks which had been formed during the  f i r s t  half of this 
century that combustion was the  ru le ,  r a the r  than the  exception i n  many of the  
coal  f i e l d s .  

It may be concluded tha t  many 

The large tipple-formed p i l e s  were par t icu lar ly  l i a b l e  

Passage of the  Pennsylvania Air Pollut ion Act required the  m e r  of a mine 
to employ all prac t i ca l  means to  prevent the  igq i t i on  of the  refuse disposal 
from the  mine and t o  prevent or minimize the  emission of smoke and fumes from 
the  refuse. An important exception was t h a t  the  l i a b i l i t y  did not extend to 
deposita of refuse made before the  passage of the  A c t ,  which a t  the time, were 
no longer in use and which were not  under the  cont ro l  of the  mine owner. 
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In Pennsylvania p r io r  t o  1963, the  Department of Mines and-Mineral 
Indus t r ies  was not authorized by law, nor did it have the  funds t o  a t tack  
burning bank f i r e s .  A few b r i e f  e f f o r t s  had been made a t  extinguishment 
i n  the  pas t ,  using the Governor’s Emergency Fund o r  C iv i l  Defense Funds. 
I n  1963, l eg i s l a t ion  was passed which authorized funds t o  begin extinguishment 
of these bank f i r e s .  During 1964, two fires were extinguished with funds 
provided by the S ta t e  Legislature.  
p ro jec ts ,  varied techniques have been attempted i n  an e f f o r t  t o  seek more 
e f f i c i e n t  and l e s s  costly methods t o  extinguish burning refuse banks. 

Through research and demonstration 

A s  f a r  as ex is t ing  non burning abandoned refuse banks are concerned, 
a continuous surveil lance or pa t ro l  system is required, i n  order t o  promptly 
i n i t i a t e  abatement work a s  soon as a f i r e  occupies a portion of a bank. 

OCCURRENCE AND CAUSES 

A 1963 survey conducted by the  U.S. Bureau of Mines indicated t h a t  there 
a re  more than 495 refuse p i l e s  on f i re  i n  the  United States.  
which i s  approximately s i x  years  old,  i s  of necessity,  inaccurate a t  the  
present time because new fires a r e  constantly s t a r t i n g  and through government 
and pr iva te  e f fo r t s ,  f ires a r e  being extinguished and some p i l e s  a r e  burned 
out. 

T h i s  report  

The main cause of t hese  d i f f i c u l t i e s ,  apa r t  from the  high carbonaceous 
content of p i les ,  i s  sa id  t o  be the  t i p p l e r  form of p i l e  construction. This 
form of construction encourages the  segregation of the l a rge r  pieces of spo i l  
t o  t he  toe  of the p i l e  which allows the  easy passage of air in to  the  center. 
The r i s i n g  bedding planes and t h e  lack of consolidation allow i n t e r n a l  con- 
vection currents t o  flow and the s teep  faces encourage penetration by the  wind. 
The s teep  faces  increase the  d i f f i c u l t i e s  of cont ro l l ing  any combustion which 
s t a r t s  i n  par t icu lar ,  it i s  almost impossible t o  blanket the  faces  of these 
p i l e s  with clays, e tc .  

A t  t he  present time, approximately 25% of the  run-of-mine coal repor t s  
t o  the  refuse disposal area.  
reaches ign i t ion  temperatures readi ly .  
many d i f f e ren t  degrees from smoldering t o  ac t ive  burning. 
have a marked influence on t h i s  burning. 
although t h i s  i s  no t  v i s i b l e  under warm, c l e a r  conditions. 
atmospheric conditions produce excessive vapor and smoke and together with 
the obnoxious gases high i n  hydrogen su l f ide  and sulfur dioxide produce an 
a i r  po l lu t ion  problem i n  the  immediate v i c in i ty  and down wind from the  refuse 
p i l e s .  

Coal refuse mater ia l ,  when stockpiled a t  random, 
The r e su l t i ng  combustion occurs i n  

Heat i s  l ibera ted  continuously, 
Atmospheric conditions 

Cool, damp 

Modern coal mining p rac t i ces  and coa l  cleaning f a c i l i t i e s  increased the 
proportion of waste handled. 
and bituminous mines today a r e  no t  s e l ec t ive  and m i n e  a considerable amount 
of rock and other non carbonaceous mater ia l  which r epor t s  t o  the  re fuse  p i l e  
a f t e r  having passed through the  preparation plant.  

Mechanical mining machines used  i n  most an thrac i te  

Igni t ion  of a refuse bank can be i n i t i a t e d  i n  severa l  ways. 
U.S. Bureau of Mines repor t  ou t l i nes  the  following possible sources of 
combustion: 

A recent 
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1. ,Spontaneous ignit ion: 
a. 

b. 

Suf f ic ien t  air must en ter  t h e  refuse dump t o  oxidize 
the coal and other combustible materials.  
Air must be in su f f i c i en t  i n  quantity to  car ry  away the 
heat generated during the oxidation, thus permitting the  
heat t o  accumulate. 

4 

2. 

3. Forest  fires. 

4 .  Camp f i r e s  l e f t  burning. 

5. 

Careless burning of t r a sh  on or near the  bank. 

In ten t iona l  ign i t ion  t o  c rea te  residue which may be used f o r  
road base materials.  

BASES OF EXTINGUISHMENT METHODS 

Coal and the  carbonaceous minerals which form the  major component of 
most refuse begin t o  oxidize as soon as they a r e  exposed t o  the  atmosphere 
i n  the  course of mining. 
heat evolved will be dissipated,  but when l a rge  masses such as banks a r e  
exposed t o  the atmosphere, thermal chain reactions may develop and ac t ive  
combustion may appear. 

When small quan t i t i e s  of refuse are involved, the 

Any attempt a t  extinguishing a burning re fuse  bank and the elimination 
of resu l t ing  a i r  pollution, must be based on the  usua l  time honored extinguishment 
theories.  The usual components of any combustion process must be eliminated 
through one technique or another. 
material i n  such a way t h a t  no ign i t ion  is possible. 
re-cleaned i n  order t o  eliminate the f u e l  and lower the  poss ib i l i t y  of combustion. 
Cooling processes may be applied t o  lower t h e  kindling temperature below the 
threshold f o r  ignit ion.  
coa ls  range from 327O t o  420°C. 
an thrac i te  range from 4500 t o  51OoC. 
an thrac i te  have been found t o  i g n i t e  a t  4170C. 
operations, including powder boxes and timber vi11 ignite a t  temperatures as 
low as 219OC. 
with one of the  three  key ingredients of combustion - removal of oxygen, lowering 
of kindling temperature, or removal of fue l .  

Air may be kept avay from the  carbonaceous 
A re fuse  bank may be 

The ign i t ion  temperatures of Pennsylvania bituminous 
The ign i t ion  temperatures of Pennsylvania 

Pyr i te  and s l a t e  mixtures found i n  
Waste materials from mining 

Most e f f o r t s  aimed a t  extinguishing refuse bank f i r e s  have d e a l t  

\ 
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PREVIOUS WORK 

ReFUSE BANK EXTINGUISHMENT 

During the period October 1, 1949 t o  May 31, 1951, a research pro jec t  on 
mine refuse f i r e s  uae conducted by the  s t a f f  of t he  Department of Mineral 
Repara t ion  a t  the  Pennsylvania S ta t e  University under the  d i rec t ion  of Dr. 
H. B. Chambury. 
of Mines and Mineral Industries,  the Central Pennsylvania Coal Producers 
Ageociation, and t h e  Western Pennsylvania Coal Operators Association. The 
reeearch was concerned v i t h  an inves t iga t ion  t o  cont ro l  m i n e  refuse f i r e s .  
350 coal companies vere  contacted regarding the  problem and da ta  were obtained 
on over 800 p i l e s .  A t  only 81 of t he  loca t ions  were spec ia l  e f f o r t s  being 
made t o  p i l e  the  refuse to  minimize possible ignit ion.  These methods included 

The pro jec t  vas sponsored jo in t ly  by the  Pennsylvania Department 

Over 



l ayer  p i l ing ,  layer  p i l i n g  wi th  clay,  seal ing the  p i l e  with clay and fly ash, 
digging out  and backf i l l ing ,  and using trenches f o r  storage. 
were being made t o  ext inguish burning p i les .  These included the  use of water 
and the  use of bulldozers t o  i s o l a t e  the burning section. 
methods w a s  en t i re ly  successful .  

Some e f f o r t s  

Neither of these 

Many methods such as flooding, blanketing, s lur ry  in jec t ion ,  compacting, 
loading out ,  and seal ing have been attempted i n  t h e  past  t o  control  bank f i r e s .  
A review of the  per t inent  l i t e r a t u r e  regarding spontaneous combustion, refuse 
bank extinguishment e f f o r t s ,  coa l  - refuse storage,  and re la ted  topics  w i l l  be 
found i n  t h e  attached bibliography (Appendix A ) .  

/ 

RECENT WORK b 
Work has been conducted with funds made avai lable  by the Legislature of 

i t h e  Commonwealth of Pennsylvania and i n  cer ta in  instances,  matched with Federal 
funds from t h e  National Air Pollut ion Control Administration of t h e  U.S. 
Department of Health, Education and Welfare. 
devoted t o  f inding newer and more prac t ica l  methods of extinguishing burning 
refuse banks. I n  each of t h e  various extinguishment techniques, the overal l  
program followed the procedure outlined below: 

Demonstration pro jec ts  have been 

1. I n i t i a l  engineering and planning of t h e  work and 
invest igat ing poss ib le  problems and solut ions.  

Arrangements with qual i f ied contract ing firms t o  
do t h e  physical  work. 

2 .  

I 

3.  Actual performance of t h e  prescribed extinguishment 
program by the  contract ing f i rm with on the  job 
consultation and survei l lance by representat ives  
of t h e  Pennsylvania Department of Mines and Mineral 
Industries.  

Evaluation of t h e  extinguishment pro jec t  by the 
project  cont rac tor  and departmental s t a f f  i n  order 
t o  evaluate the  extinguishment technique. 

4 .  

In  most cases, t h e  subjec t  bank was chosen on the  bas i s  of f inding areas  
where a demonstration p r o j e c t  would serve t h e  dual purpose of demonstrating and 

was creat ing a nuisance i n  a nearby community. 
located i n  both t h e  Pennsylvania Anthracite and Bituminous f i e l d s .  
i n  each case was under obl iga t ion  t o  secure the  necessary permits from t h e  
S t a t e  regulatory agency, ( t h e  A i r  Pol lut ion Commission of the  Pennsylvania 
Department of Health), and any required easements from pr iva te  property owners. 

evalut ing a new o r  modified technique and concurrently abat ing pol lut ion which / I  

Such refuse bank f i res  were 
The contractor 

In  many of the democstration projects ,  the  approach taken was suggested 
by the  Department's representat ive.  
p ro jec t  was based on a plan or procedure presented t o  t h e  Department by an 
engineering and/or contract ing firm. 
following pages. 

However, i n  a few cases,  the  demonstration 

The methods explored a r e  l i s t e d  on t h e  
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Accelerated Combustion and Quenching: A research pro jec t  was conducted 
i n  t h e  anthraci te  region involving the l i f t i n g  of burning refuse mater ia l  by 
a dragl ine and dropping t h e  hot material through an a i r  drop of 50 t o  100 feet  
i n t o  a water f i l l e d  lagoon. I n  t h e  process of dropping the  hot refuse mater ia l  
through the  a i r ,  a considerable amount of combustible material was burned o f f ,  
i n  some cases with a f l a s h  - explosion, while a l lowhg  the  hot material t o  f a l l  
i n t o  a water f i l l e d  lagoon. 
the  quenched material out of t h e  lagoon f l o o r  and placed t h e  extinguished mater ia l  
t o  t h e  r e a r  of the  operating equipment where bulldozers spread the  mater ia l  and 
compacted it i n t o  a t i g h t ,  dense f i l l  material .  
technique appeared t o  successfully eztinguish the  mater ia l  and place it i n  a 
form i n  such a way t h a t  it would not f u r t h e r  igni te .  One shortcoming of the 
above mentioned technique, i s  the  concurrent evolution of par t icu la te  r a t t e r  
during the  a i r  drop of the  burning refuse.  
described above may lend i t se l f  t o  extinguishment of refuse bank f i r e s  i n  areas  
remote from populated areas. 

Following the  water quench, another dragl ine l i f t e d  

The work performed i n  th i s  

It may be possible  t h a t  the  technique 

This technique i s  applicable t o  l a r g e  refuse banks. 

Isolat ion:  If the  bank f i r e  i s  i n  a very ear ly  s tage of combustion, t h e  
burning area may be i so la ted  from t h e  remainder of t h e  burning bank by di tches  
which cut  completely through the  bank t o  the bare s o i l  underlying t h e  bank. 
i so la ted  hot mater ia l  can then be quenched with water or moved t o  a n  a rea  and 
mixed with cold incombustible material .  In some cases, the  t rench or  d i tch  
which i s  so created is  l ined with clay or ear th  t o  minimize t h e  entrace of a i r  
i n t o  t h e  porous bank material .  

The 
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Foam Covering: In  this project ,  a polyurethane foam was applied t o  a 
terraced-contoured refuse bank. The bank was contoured i n t o  a number of equal 
s teps  approximately 50 t o  70 f e e t  high and with a one t o  one slope between t h e  
roadbed and the r i s i n g  slope t o  t h e  next level .  After shaping the p i l e ,  water 
sprays were applied t o  cool  t h e  surface material. 
polyurethane foam was applied t o  a l l  sidewall  and roadbed surfaces.  
temperature has decreased and continues t o  decrease over a period of 18 months 
following t h e  application of the foam cover. 
temperatures caused a charring of the  foam and it was necessary t o  remove and 
rebui ld  a foam coating following a deep water spray and cooling of t h e  local ized 
"hot spot." 
t h a t  are not excessively hot. 
a r e  obvious i n  t h i s  technique and t h i s  includes the possible damage t o  the  
coating surface by chi ldren or vandals and t h a t  a p i l e  extinguished v ia  t h i s  
smothering method w i l l  need constant maintenance u n t i l  the  e n t i r e  p i l e  has 
cooled beyond the kindl ing temperature. In  a subsequent pro jec t ,  based on 
a similar foam covering pr inciple ,  f u r t h e r  work is being done t o  reduce the  
thickness of the foam cover i n  order t o  reduce costs  and addi t iona l  s teps  a r e  
being taken t o  prevent surface degradation by sunl ight  through t h e  use of paints  
applied t o  t h e  foam surface. 
be l a i d  on the  horizontal  t ravel ing surfaces t o  reinforce these  areas. 

Following such cooling, 
The p i l e  

In  cer ta in  areas, excessive 

I t  i s  f e l t  t h a t  this technique lends i t s e l f  t o  small refuse banks 
I t  should be noted t h a t  c e r t a i n  shortcomings 

Fiberglass and/or other  strengthing materials may 
Additionally, 
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surface t r e a t i n g  mater ia l s  w i l l  be applied i n  order t o  reduce surface temperatures 
and provide a firm non-absorptive base f o r  foam application. 

Vermiculite and Sodium Bicarbonate 1n.iectian and Coatinq: This pro jec t  aims 
a t  f i l l i n g  voids and reducing oxygen entry, as well as, sea l ing  the  surface. A 
mixture of vermiculite, sodium bicarbonate, limestone dust and res in ,  has been 
in jec ted  i n t o  and applied on t o  a shaped refuse bank. Some promise i s  shown by 
this method due t o  the  expansion of vermiculite with the application of heat. 
The technique has not been completely evaluated. Preliminary r e su l t s ,  however, 
would ind ica te  tha t  void f i l l i n g  with such mater ia l s  i s  benef ic ia l  f o r  a short  
period of time, bu t  may, i n  f a c t ,  be too cos t ly  t o  j u s t i f y  the end resu l t s .  The 
mater ia l s  used, do not form a t i g h t  s e a l  on the  surface of the  bank which i s  
su f f i c i en t  t o  exclude oxygen from the  i n t e r i o r  of t h e  bank. 
this technique may be done, however addi t iona l  emphasis would be placed on surface 
sea l ing  i n  addition t o  t h e  in j ec t ion  of these materials.  

Further work using 

In jec t ion  of Fine Mineral Matter: Fly ash, coa l  s i l t ,  and rock dust,  have 
been in jec ted  through d r i l l e d  holes i n  the periphery of a burning refuse bank 
i n  order to  f i l l  voids and reduce a i r  intrusion. T h i s  technique appears t o  be 
r e l a t ive ly  successful, bu t  again, the process of void f i l l i n g  must be followed 
by adequate surface treatment i n  order t o  prevent erosion and g u l l y  formation on 
the  re fuse  bank surface. Heavy r a i n  may often lead t o  the  wash-out of t h e  injected 
f i n e s  and the  renewed porosity and oxidation problems along the  s ides  of the eroded 
gully. The ava i l ab i l i t y  of such mineral materials adjacent t o  refuse banks and 
from t h e  f i n e  coal cleaning c i r c u i t s  of a normal preparation plant does o f f e r  
considerable promise t o  t h i s  technique, especially i f  it were coupled with some 
re l a t ive ly  inexpensive surface sea l ing  techniques. 

1 
I 

I 

Mine Drainage Sludge Injection: A project i s  now i n  progress i n  which acid / 

mine drainage containing a high amount of i ron  and calcium salts is neutralized 
and the  r e su l t i ng  i r o n  hydroxide and gypsum sludge i s  in jec ted  i n t o  the  burning 
refuse bank. The sludge of i r o n  hyroxide and gypsum mixture forms a t i g h t  
impermeable cake or c r u s t  on t h e  p i l e  and appears t o  merit fu r the r  cons%deration. 
The small Project which has been i n i t i a t e d  has not been concluded, but Dresent evidence 
would ind ica te  tha t  t he re  i s  considerable merit  i n  t h i s  procedure and is a r e l a t ive ly  
low cos t  d i sposa l  s i te  f o r  the  troublesome treatment p lan t  sludge and could con- 
currently he lp  with re fuse  bank extinguishment e f fo r t s .  

1 
The Use of Anti-Oxidants: The discovery of a cheap reagent which could be r .  

applied t o  refuse t o  r e t a r d  t h e  rate of oxidation of the exposed py r i t e  would be 
an exce l len t  solution t o  t h i s  and several  a l l i e d  problems. 
continued research, the prospects of finding such a reagent i s  s t i l l  going on. 1 Unfortunately despite 

Laboratory experiments wi th  chromates, ph?sphates, and sodium hydroxide were 
reported to  be unsuccessful and a full scale test i n  which l iqu id  ammonia was applied 
t o  abandoned mine re fuse  i n  an attempt t o  control t h e  oxidation of the py r i t e  had 
a l s o  been unsuccessful. 
t o  small coa l  stock p i l e s  did r e t a rd  the  ac id i ty  i n i t i a l l y ,  but a f t e r  s i x  months, 
t he  e f f e c t  disappeared, even though most of t he  limestone had not been consumed. 

re ta rda t ion  of the r a t e  of weathering of py r i t e  a r e  known. 

I 
1 

1 
Tests involving up t o  1 per cent of limestone powder added 4 

1 
I For t h e  time being, it must be concluded t h a t  no spec i f i c  reagents f o r  t he  

1 
However, the use of oxidation inh ib i to r s  i s  being reviewed under a project which 

is continuing i n  Pennsylvania. 
organic anti-oxidants and flame re ta rdants  was evaluated by a chemical company. 
Small prototype p i l e s  or f i r i n g  chambers were constructed by the firm and various 

A candidate group of inexpensive organic and in- 
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concentrations of candidate materials were added i n  the  so l id  and/or solution 
form and the degree of ign i t ion  re ta rda t ion  was measured. 
was found t o  be best  has been applied i n  an aqueous solution t o  a burning refuse 
bank. 
of success a t ta inable  through the above application. 
no treatment was l a i d  out, a 
area was sprayed with water and a surfactant,  and the t e s t  a rea  was sprayed w i t h  
a water solution containing the anti-oxidant. Results to  da te  ind ica te  tha t  t he  
retardant has some des i rab le  properties and the desired e f f e c t  on t h e  p i l e .  
H wever, applications must be a t  a much higher dose r a t e  than or ig ina l ly  anticipated.  

The product which 

Four areas have been l a i d  out on t h i s  bank i n  order t o  e s t ab l i sh  the degree 
A cont ro l  s t r i p  involving 

similar area was sprayed w i t h  only water, another 

Saturation Through Serpentine Canals: A r e f t s e  bank located i n  the  an thrac i te  
f i e l d  was covered w i t h  an array of interconnected serpentine canals or troughs, i n  
an order t o  allow water maximum time t o  percolate through the  p i l e .  
t o  apply water through such a remotely located canal system so t h a t  personnel w i l l  
not be i n  danger by secondary explosions or evolution of clouds of gases and/or 
steam at the point of water and refuse contact. 
was constructed by bulldozers. 
apparatus. 
pumped t o  the highest point i n  the  canal system and allowed t o  flow i n  a "zig zag" 
pa t te rn  down the s ide  of t he  bank. 
was proceeding, other equipnent was preparing another canal system i n  another part 
of the p i le .  
was abandoned. The procedure did not allow su f f i c i en t  percolation of water from 
the surface t o  the area beneath the  supe r f i c i a l  surface c rus t .  Only percolation 
t o  the depth of two t o  th ree  f e e t  was noted. 

It is necessary 

The interconnected array of canals 
The operators were equipped with oxygen breathing 

Following the  construction of the  interconnected canals,  water was 

While t h i s  water treatment and cooling procedure 

After several  months of canal construction and wetting, the technique 

PondinP Techniaue: A se r i e s  of adjoining lagoons was constructed on the top 
of a r e l a t ive ly  f l a t  refuse p i l e  which had been b u i l t  across a va l ley  bottom. 
Retaining walls were constructed around the  perimeter of the re fuse  bank area,  
subdividing the surface i n t o  a s e r i e s  of l eve l  d i sc re t e  areas or "r ice  paddys." 
Upon construction and i n  sequence, water was admitted through a s e r i e s  of canals 
i n t o  the  f l a t  impoundment areas. 
evident. 
extending t o  a period of severa l  weeks. 
explosions have been known t o  occur when a la rge  quantity of water was rushed onto 
the  f i r e  area. 
and experimental cu t s  were made i n t o  t h e  lagoon floor.  
found even a f t e r  several  weeks of standing under several  f e e t  of water, penetration 
of the  water i n to  the  refuse mater ia l  was only two t o  three  f e e t  and temperatures 
i n  excess of 400° were found only several  yards beneath the  water. 
this procedure has been continued and i n  s p i t e  of the necessity t o  continue t o  
maintain a water cap on such ponded areas f o r  an extended period of time, the  
technique is considered t o  be of r e l a t ive ly  low cost per un i t  re fuse  extinguished. 

Evolutions of vapors and steam were immediately 
Pools of water were retained on the  top  of such flooded areas  f o r  periods 

Flooding may be hazardous inasmuch a s  

After severa l  weeks of soaking, an area would be allowed t o  dra in  
In  some cases, it was 

Work following 

Coolina and Dilution: T h i s  method involves the preliminary cooling of t h e  
refuse p i l e  by remote application of a water spray from mul t ip le  nozzlds. The 
cooled refuse is then mixed i n  a one t o  one volume proportion with s o i l  and/or 
burned out coa l  refuse from a nearby borrow area. 
warm, damp coal refuse and the i n e r t  material  is carried out by the  bulldozer 
operator. 
compacted by heavy equipment. 
and su f f i c i en t  land is available,  the above technique appears t o  be most promising 
and one of t he  l e a s t  costly on a cos t  p e r  cubic yard extinguished bas is .  

The mixing of extinguished but 

The material  is then l a i d  down i n  a new portion of t he  t r a c t  and 
Where cooling and d i lu t ing  mater ia l  i s  ava i lab le  
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BlanketinP With Clay and Cement Waste: A bank was covered wi-th a mantle of 
c lay along a l l  sidewalls following conventional prac t ice  which has been performed 
many times with mixed success by the  coal industry. 
complete c lay covering of a refuse bank of ten leads t o  the  formation of a "baked" 
clay s e a l  which i n  due course, crabks and allows the  re-entry of air and the re- 
f i r i n g  of the  cooling re fuse  bank.) 
Department of Mines, s idewalls  of the  refuse bank were covered with clay and the  
clay was compacted. 
of cement kiln waste dust .  
cement i s  a waste product from the  nearby cement industry. 
delivered by tank t ruck and placed on the  f l a t  top  surface of the  refuse bank. 
The surface of t h e  cement dus t  l ayer  was sprayed i n  order t o  form a c rus t  t o  the  
depth of one to two inches. 
f i l t e r s  down i n t o  cracks and fissures i n  t h e  bank as they may occur. 
technique appears t o  be successful  and may be appl icable  t o  small p i l e s  t ha t  a r e  
adjacent t o  or near the  cement industry. 

(Eher ience  has shown tha t  

I n  the technique attempted by the Pennsylvania 

The open top  was covered with a layer  of two t o  th ree  f e e t  
Th i s .dus t  which contains a ce r t a in  amount of portland 

The mater ia l  was 

The dust  beneath the  surface c m s t  remains f lu id  and 
T h i s  

Blanketing - Quarry Wastes: T h i s  technique involves shaping of a refuse p i l e  
followed by the  appl icat ion of minus 1/2"limestone quarry wastes t o  the  top and 
s ides  as a sea lan t  and t h e  revegetat ion of t h e  p i l e  by hydroseeding. 
of t he  p i l e  followed by the  limestone covering of t he  s ides  and top  appears t o  be 
r a the r  successful. The evolut ion of carbon dioxide a t  t he  site of any h3t spots 
may be useful i n  extinguishing the  f i re  i n  t h e  bank. The use of quarrg wastes 
again ca r r i e s  the  dual bene f i t  of f inding a usefu l  o u t l e t  f o r  this mining wastes 
mater ia l ,  concurrent with the  blanketing and f i re  extinguishment purpose. Any 
run-off ,  following prec ip i ta t ion ,  from such a quarry waste covered bank would be 
of an a lka l ine  nature. 
has been done on the s idewalls  of such a t rea ted  bank and a subs tan t ia l  stand of 

The compaction 

Due t o  the  s o i l  charac te r i s t ics ,  an experimental planting 

-grass has establ ished itself on this bank. 

U s e  of Exolosives Followed bv Quenching: Many large refuse banks do not lend 
themselves t o  water quenching due t o  the  previously mentioned f a s t  run-off of water 
which is applied t o  the  surface.  
c l inker  material does not  allow the  penetration of quenching water. 
penetrate  such a p a r t i a l l y  burned bank, the Department of Mines and Mineral Indust ies  
has placed horizontal  boreholes i n t o  the  burning area of t he  bank and placed heat  ' 

insens i t ive  explosives i n t o  t h e  boreholes. The explosives are detonated and the  
broken up material is then quenched with water jets. 
i n  an urban p i l e  with a high degree of technical  success and with reasonable economics. 
T h i s  technique i s  considered t o  be among one of the  be t t e r  procedures f o r  application 
on p i l e s  which had heavy c r u s t s  of p a r t i a l l y  burned out material. 

A surface c rus t  of impenetrable ceramic l i k e  
In  order t o  

T h i s  mater ia l  has been used 

Hsdraulic J e t s :  Pro jec ts  conducted by the  U. S. Bureau of Mines and the  
Pennsylvania Department of Mines have involved the  appl icat ion of "hydraulic giants"  
or high pressure or high ve loc i ty  water cannons s imilar  to those used i n  the  
placer  mining industry. 
mines l a rge r  portions of the  bank as w e l l  as quenching the  bank material. 
quenched mater ia l  w i l l  f a l l  o r  roll i n t o  a lagoon from which it is l i f t e d  by 
draglines. 
the hydraulic jets and compacted by bulldozers. 
is t o  extinguish la rge  volumes of very hot mater ia l s  while a t t a in ing  a high degree 
of safe ty  f o r  operating personnel. 
of the  water jets, there  is a good dea l  of p a r t i c l e  s i ze  reduction and degradation 
which takes  place i n  this mater ia l  handling technique. 

The appl ica t ion  of high veloci ty  streams of water under- 
The 

The quenched mater ia l  is removed from the  lagoon and placed behind 
The e f f e c t  of this technique 

I n  addi t ion t o  the  cooling and quenching ac t ion  

When the  mater ia l  is then 
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relayered and compacted by the dragline - dozer combination, the material 
attains a cement like very dense characteristic'which is considered to be 
virtually incombustible. 

Water Sprays Onlx: The use of water sprays to control combustion in 
refuse piles has been deprecated by some authorities, but is still practiced. 
At best, this method can be considered to be only a temporary expedient for 
temperature and fume control until permanent abatement work can be initiated. 
Work by the U.S. Bureau of Mines recently and the British National Coal Board, 
has shown that once water spraying is discontinued, combustion takes place 
again, often with renewed vigor. 

Run off from refuse banks ie a problem closely related to the fire problem. 
The thermal reactions have no direct effect on the quality of the drainage 
from a bank but the indirect effects may be important. 
generate sufficient heat to evaporate all water precipitated on the bank so 
that no drainage appears. Provided that the heat is sufficient, the sulphur 
acids may be dissipated into the atmosphere as sulphur oxides so that acidic 
contamination of the drainage will not occur, but'if the heat is insufficient, 
the acidic salts may accumulate in the pile and be washed out after the fire 
has subsided. 
all the precipitation while the fire is burning, the drainage will have a 
higher than average risk of becoming acidic due to the enhanced oxidation of 
pyrite at the elevated temperatures. 
fire would probably increase the volume of drainage without any corresponding 
decrease in the degree of contamination. 

Active combustion may 

On the other hand, if the heat is insufficient to evaporate 

Water applied to a pile to suppress a 

CONCLUSION 

The work involved in the various projects which have been initiated by 
the Pennsylvania Department of Mines and Mineral Industries requires the 
application of tried and proven techniques in combination with unproven 
theoretical applications of engineering and technology. 
project must be technically feasible and economically practical. 
ment project can not be conducted in such a manner that the emission of dust 
and fumes create an unwarranted nuisance in the immediate area and in the 
downwlnd,inhabited areas. 
ment operation not only creates atmospheric conditions unfavorable for the 
residents of the area who are in the downwind direction, but make the operation 
exceedingly difficult for contractors' employees. 

The extinguishment 
The extinguish- 

The creation of such dust and fumes by the extinguish- 

Because of the varied shapes, sizes, and elevations of different banks, 
various methods of movement and materials handling must be explored and tailored 
to the conditions at any given bank. 
project site, also plays an important role in choosing the particular method 
which can be applied to a bank. Other facts which are of importance include 
the size of tract and the proximity of homes to the fire area. 
of inert or diluting solid material either in the form of an earth borrow pit, 
or completely burned out refuse, also must be taken into consideration in 
choosing the method to be applied. 
course, more readily accomplished and less expensive than large banks. 

The availability or lack of water at the 

The availability 

The extinguishment of small banks isj of 
In 
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addition, techniques which are applicable to large banks do not'always work 
equally well with small banks. For example, it is obvious that the use of 
a hydraulic jet is not warranted in a pile of only'several hundred cubic yards 
of material. 
multi-million ton refuse bank. 

Conversely, foam covering could not readily be applied to a 

It should be added that following extinguishment, maintenance is required 
to protect the private ox public investment in the abatement project and to 
minimize the liklihood of any re-ignition. 
material, after having been cooled with water and rehandled and recompacted, 
becomes a stable, hard surfaced material which produces no dust or  fumes and 
should be relatively immune to any rekindling. 
and regularly inspected in order that hot spots which might develop could be 
spotted at once and removed and/or filled with an inert material such as 
clay or earth. Erosion to surface areas must be prevented as gullying allows 
air entry into the extinguished bank which might rekindle the fire. 
extinguishment, good insurance against further combustion is to deposit a 
clay and earth layer on the extinguished bank. The earth material should 
then be seeded with grass in order to minimize erosion and to consolidate 
the surface and prevent loss of the protected cover. The earth seal covered 
with a vegetated growth, while it does not reduce the necessity for maintenance, 
will reduce the maintenance to a minimum and provides protection against re- 
ignition and also prevents a more aesthetically appealing view for the community. 

It is known that extinguished 

Refuse areas should be maintained 

Following 

It should be noted, that virtually all reports indicate that a technique 
that is successful on one bank, may not be successful on another bank. 
bank represents an individual problem. 
other organization who wishes to extinguish a fire, must find a technique which 
can be tailored to the situation at the given bank. 
that extinguishment may take years, but control is possible to the extent that 
the fume problem is reduced by gradual steps. 

Each 
The engineer, government agency or 

It should also be noted 

Although several successful bank extinguishment techniques are presently 
at hand, we anticipate that continued work in this area will provide worthwhile 
data and may lead to better and more economical methods for the control of this . 
vexing problem. 
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